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Abstract. The article states the results of the investigation of the skew piercing effect on the 
wheel steel mechanical properties. The comparative analysis is based on the comparison of 
mechanical properties of wheel steel samples manufactured by upsetting and heat treatment of 
the initial cast billets (option 1) and samples preliminarily pierced using the skew rolling mill 
with the extrusion ratio of µ ≈ 1.49 and feed angle of 12°, upset and heat treated (option 2). 
The values of elongation/contraction ratios of the samples made from solid workpieces are in 
the range 13.8–15/28–32%, and of hollow workpieces 14.2–15.8/26–32.9%. Strength 
properties of the wheel steel (for 1 and 2 variants) meet the requirements. The greatest 
differences in the properties of wheel steel of both variants were obtained during toughness 
tests. Toughness value of the wheel steel samples obtained by piercing, upsetting and 
subsequent heat treatment is ~2.5 times higher in both tangential and radial directions than the 
toughness of samples obtained only by upsetting and heat treatment. It is shown that piercing 
of workpieces in a screw rolling mill increases the toughness without reducing the strength 
properties, which may be due to intense shear deformations causing the processing of the cast 
macrostructure and the formation of a spiral-shaped grain structure. 
1.  Introduction 
Railway wheels operation reliability and performance can be improved if plastic properties are 
enhanced provided that metal strength properties are maintained that can be achieved through 
preliminary deformation processing [1, 2]. Development of new processes and improvement of 
deformation processing parameters are among the effective methods of controlled influence on 
physical and mechanical properties of metal products [3–8]. In this regard the skew rolling is 
considered to be of high industrial capacity. Intense development of shear deformations even with 
relatively small reduction ratios can contribute to the processing of the metal structure both in the 
peripheral and central layers of the billet [9–11]. 
Preliminary processing of the initial cast billet structure by means of skew piercing of solid billets 
into shells [12–17] can increase the production effectiveness and enhance quality of railway wheels, 
hollow railway axles [18]. 
Investigation has been performed to evaluate effect of skew piercing and upsetting on wheel steel 
mechanical properties. The comparative analysis is based on comparison of mechanical properties of 
wheel steel samples manufactured by upsetting and heat treatment of initial cast billets (option 1) and 
samples preliminarily pierced, upset and heat treated (option 2). 
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2.  Conditions for investigation 
2.1.  Samples material  
Samples with metal cast structure with the diameter of 100 mm and length of 300 mm from steel type 
T (GOST 10791) cut from the peripheral and mid portion of the wheel workpiece are used as initial 
workpieces for the investigation [19]. The sketch of sampling from wheel workpieces is given in 
Figure 1. 
 
                                                               а                                             b 
Figure 1. The sketch of sampling from wheel workpieces: 
a – from the peripheral portion, b – from the mid portion. 
2.2.  Equipment  
Piercing was performed using the two-roll skew rolling mill MISiS-130D. The two-roll piercing mill 
MISiS-130D with guide shoes is equipped with barrel-type work rolls with the diameter of 430 mm 
and length of 320 mm that are of bi-conical shape with the entrance and exit cones generatrix 
inclination angle of 3° and rolls highest points 10 mm wide located in the mid-section of the barrel. 
The rolls rotation rate is 57 rpm. Samples’ upsetting was performed using the press power of 0.25 
MPa. 
2.3.  Investigation methods 
Piercing of samples into shells was performed at the metal heating temperature of 1200–1220 С using 
the plug with the diameter of 29 mm provided that the following adjustment parameters are used for 
the mill:  
- reduction in the rolls highest point is 15 %; 
- feed angle is 12°; 
- reduction factor is µ≈1.49 
The dimensions of solid samples for upsetting are as follows: the outside diameter is 100 mm, and 
the height is 65 mm. The sizes of hollow samples manufactured by piercing using the skew rolling 
mill are as follows: the outside diameter is 88 mm, the inside diameter is 32 mm and the height is 96 
mm.  
Upsetting of solid and hollow samples was performed at the billets heating temperature of 1200–
1220 С and the working tool travel rate of 60=v mm/min. Billets upsetting using the press was 
performed in plane-parallel plates to the finite height of 23.5 mm. 
Upon upsetting completion, both types of billets (initial cast billets and billets pierced using the 
skew rolling mill) were subject to heat treatment applicable for the manufacturing process intended to 
enhance end-user performance of finished products using the parameters that simulate interrupted 
quenching of railway wheel rims. Billets heat treatment parameters during quenching are as follows: 
heating up to 870 °С in the furnace and subsequent vacuum holding during 1 hour; transfer to the salt 
bath with the melt temperature of 570 °С and holding during 10 minutes, followed by cooling in air. 
Upon quenching, billets were subject to tempering at the heating temperature of 500–520 °С, with the 
holding time of 2 hours in the furnace under this temperature.  
Thereafter, upset solid and hollow heat treated billets were used for taking samples to perform 
comparative assessment of wheel steel mechanical properties. 
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Investigation of billets metal mechanical properties was carried out using the samples with the test 
section diameter of dtest = 3 mm as per GOST 1497 [20]. Determination of metal mechanical properties 
was executed using the testing unit Instron with the deformation rate of 103sec-1. The impact strength 
was determined using the samples of 5×10×55 mm size with U-notch 2 mm deep as per GOST 9454 
[21]. Samples impact testing was carried out using the pendulum impact testing machine of РСВ-30 
model. The mechanical properties and impact strength of samples metal were determined at the 
temperature of +20 С. 
 
3.  Results and discussion 
As a result of the studies performed, it was established that the mechanical properties of solid and 
hollow billets metal upon upsetting using the press followed by heat treatment comply with the 
requirements of GOST 10791 for finished railway wheels, Figure 2. Values of the percentage 
elongation /contraction of samples manufactured from solid billets are within the range of 13.8–15/28–
32 %, for hollow billets: 14.2–15.8/26–32.9 %. 
As a result of deformation and heat treatment, the maximum variations in the wheel steel are 
identified for impact strength. 
Wheel steel samples impact strength achieved by piercing, upsetting and subsequent heat treatment 
is by ≈2.5 times higher than the impact strength of samples that underwent upsetting and heat 
treatment only, both in the tangential and radial directions. 
A higher level of wheel steel impact strength can be caused by intense shear deformations due to 
which processing of the cast macrostructure is carried out and swirl-pattern macrostructure is formed 
[22–25]. 
  
а                                                                                   б 
 - initial billets cut from the ingot mid-section; 
 - initial billets cut from the ingot peripheral portion; 
 - specification level complying with GOST 10791-2011. 
Figure 2. Mechanical properties of wheel steel upon upsetting and heat treatment: 
а – tensile strength (σВ), б – impact strength (KCU+20); option I – mechanical properties of wheel steel 
upon upsetting of solid billets and heat treatment, option II – mechanical properties of wheel steel 
upon upsetting of pierced billets and heat treatment. 
For products that undergo high dynamic impact loads during operation, enhancement of impact 
strength can contribute to the increase of their operability and reliability. Therefore, it should be 
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expected that application of billets preliminarily pierced using the skew rolling mill for manufacture of 
railway wheels will allow significantly increasing their quality and performance. 
4. Conclusions 
Based on the investigation performed it is proved that skew piercing allows for significant 
enhancement of impact strength with no deterioration of strength properties. It can be expected that 
application of billets preliminarily pierced using the skew rolling mill that have better performance 
parameters as compared to cast billets for production of railway wheels will contribute to the 
improvement of wheels performance and enhancement of technical and economical parameters of the 
production process. 
References 
[1] Parshin V A, Ganago O A, Staroselesky M I et al. 1968 Die forging 10 8-9 
[2] Bibik G A, Ioffe A M, Prazdnikov A V et al. 1982 Production of railway wheels (Metallurgy) 
[3] Mao F, Wang F, Shuang Y, Hu J and Chen J. 2020 Metals 10  
[4] Malakhov A, Saikov I V, Denisov I V, Cherezov N P, Gamin Y V and Romantsev B A 2020 J. 
of Physics: Conf. Ser., 1431(1) 
[5] Galkin S P 2004 Stal' 7 63–6 
[6] Galkin S P, Kharitonov E A and Romanenko V P 2009 Steel in Transl. 39 700-3 
[7] Samusev S V, Fadeev V A Chernye Met. 2020 p 41–6 
[8] Budnikov A S, Kharitonov E A, Aleshchenko A S and Iskhakov R V Chernye Met. 2019 41-5 
[9] Romantsev B, Goncharuk A, Aleshchenko A, Gamin Y and Mintakhanov M. 2018 Int. J. of 
Adv. Manufact. Techn. 97 3223–30 
[10] Gamin Y V, Romantsev B A, Pashkov A N, Patrin P V, Bystrov I A, Fomin A V and Kadach M 
V 2020 Izvestiya Vuzov. Tsvetnaya Metallurgiya 1 p 27–38 [In Russian]  
[11] Galkin S P, Romantsev B A and Kharitonov E A CIS Iron and Steel Review 2014 p 35–39 
[12] Romantsev B A, Matyko O K, Goncharuk A V, Aleshchenko A S and Ananyan V V 2008 Steel 
in Transl. 38 p 897–9 
[13] Romantsev B A, Aleshchenko A S, Goncharuk A V and Galkin S P 2012 Metallurgist 55 918–
24 
[14] Romantsev B A, Goncharuk A V, Aleshchenko A S, Onuchin A S and Gamin Yu V 2015 
Metallurgist 59 p 386–9 
[15] Romantsev B A, Gamin Y V, Goncharuk A V and Aleshchenko A S 2017 Metallurgist 61 217–
22 
[16] Romantsev B A, Goncharuk A V, Zimin V Y, Pakhomov V P, Aleshchenko A S and Matyko O 
K 2009 Steel in Translation 39 803-05 
[17] Romantsev B A, Aleshchenko A S, Tsyutsyura V Y, Tyshchuk I N and Lube I I 2017 
Metallurgist 60 1062–69 
[18] Romanenko V P, Romantsev B A, Illarionov G P, Fomin A V, Zimin V Y and Stepanov P P 
2014 Metallurgist 58 684–88 
[19] GOST 10791-2011 Solid-rolled wheels. Engineering specifications [In Russian] 
[20] GOST 1497-84 Metals. Methods of testing the tensile [In Russian] 
[21] GOST 9454-78 Metals. Methods of testing the toughness at low, room and elevated 
temperatures [In Russian] 
[22] Romanenko V P, Fomin A V, Begnarskii V V, Yandimirov A A and Nikulin A N 2013  
Metallurgist 56 753–9 
[23] Romanenko V P, Fomin A V and Nikulin A N 2013 Metallurgist 57 303–9 
[24] Fomin A V, Aleshchenko A S, Maslenniko I M, Galkin S P and Nikulin A N 2019 Metallurgist 
63 477–86 
[25] Akopyan T K, Aleshchenko A S, Belov N A and Galkin  S P 2018 Physics of Metals and 
Metallography 119 241–50 
